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Filling station for the filling of fluids a nd a method for same 

The present invention relates to a method for distribution and sales of cryogenic fluids and 
a filling station for the filling of fluids, in particular cryogenic refrigerants such as C0 2l from 
a storage tank to a mobile tank for instance on a vehicle, the filling station including be- 
yond the storage tank and required piping, a dispenser with metering equipment for me- 
tering the fluid and a filling hose with connector for connection to the mobile tank to be 
filled. 

Air conditioning and refrigeration systems of the type used to cool or keep frozen the loads 
on large trucks and trailers are conventionally based on closed vapor compression cycles. 
One alternative tp the closed vapor compression cycle is the use of cryogenic refrigeration 
system utilizing either liquid carbon dioxide or liquid nitrogen. 

The C0 2 is provided in a transportable tank mounted inside the refrigeration unit or at the 
chassis of the truck. Inside the refrigeration unit the C0 2 is vaporized in an air/C0 2 heat 
exchanger. The cooled air from this heat exchanger is blown into the goods compartment 
of the vehicle. 

Such a system is particularly attractive because, in addition to eliminating the need for 
chlorofluorocarbon (CFC) or similar refrigerants which are detrimental to the stratospheric 
ozone, it also eliminate the needs for a refrigerant compressor and the diesel engine or 
other prime driving unit that drives the compressor. An example of such cryogenic refrig- 
eration system that is designed for use with liquid carbon dioxide is described in US patent 
No. 5,730,216. 

Another prior art reference, US 5 916 246 describes a system and method for transferring 
liquid carbon dioxide from a storage tank to a truck transportable tank with lower pressure. 
The system includes an inlet conduit having a hose portion connected between the stor- 
age and transportable tanks for conducting a flow of liquid carbon dioxide therebetween 
and a vent hose connected to the transportable tank for venting gaseous carbon dioxide. 

One disadvantage with the system according to US 5 916 246 for transferring liquid C0 2 is 
that the C0 2 loss is relatively high since gaseous carbon dioxide, created as a result of 
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flashing when the pressure of the liquid carbon dioxide is reduced from high pressure in 
the storage tank to low pressure in the transportable tank, is vented off directly to the at- 
mosphere. Further, as C0 2 is introduced into the transportable tank in both a liquid and a 
gaseous phase the system will suffer from unwanted long filling periods and difficulties re- 
lated to flow measurements. 

The known filling system is designed to be placed on special truck sites, for instance at or 
near the garage of the truck owner or warehouse storage and requires a skilled operator to 
use the system. The known system further requires a skilled person to operate it as the 
filling operation is not fully automated. 

The present invention provides a system for distribution and sales of cryogenic liquid ga- 
ses, in particular carbon dioxide, that is easily accessible for public use by truck drivers 
and other users that require quick filling of mobile cryogenic tanks or accumulators. 
The system works independently of the level and pressure in the stationary storage tank. 
The inventive system further needs no transfer pump for transfer of the liquid gas from the 
storage tank to the mobile tank, whereby the system is more reliable and maintenance 
costs are reduced. With the present invention it is possible to transfer C0 2 to the trans- 
portable tank that is mainly in a liquid phase, which speeds up the filling procedure. 

Further, the measuring of the transferred liquid under filling is simple and reliable. The fill- 
ing takes place for instance through a quick connector such as a two-port one-piece con- 
nector and no manual valves needs to be operated by the operator before or after filling 
which makes the system easy to use. And, still further, the filling system is accessible by 
use of credit card and the user can thereby be invoiced through ordinary 
credit card systems. 

The method according to the invention is characterized in a system of automated filling 
stations for cryogenic fluids, where the filling station for cryogenic fluids including at least a 
stationary storage tank (1) and dispenser (3) with at least one fluid dispensing means (4, 
8) and a quick connector (5) for easy connection to a mobile tank (2) on a truck or the like 
as defined in the attached independent claim 1 . 
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The filling station according to the invention is characterized in that a pressure/flow control 
column (30) with a phase separator (20) provided between the stationary storage tank (1) 
and the dispenser (3), as defined in the attached independent claim 6. 

Preferred embodiments of the invention are further defined in the dependent claims 2-5 
and 7-16. 

The invention will be further described in the following by way of example and with refer- 
ence to the attached drawing showing a schematic representation of a system according 
to the invention. 

Fig. 1 shows in a first embodiment a filling station, 
Fig. 2 shows in a second embodiment a filling station. 

The filling station of Fig. 1 includes as can be seen in the drawing three main components; 
a stationary storage tank for liquid C0 2 1 a pressure/flow control column 30 (phase 
separator 20), and dispenser cabinet 3. These main components are interconnected by 
means of liquid C0 2 piping 26 from the storage tank 1 to the phase separator 20 with a 
branch pipe 22 to the dispenser, and gas pipe 9 from dispenser with branch pipes 9', 17 to 
the phase separator 20 and tank 1 respectively. 

The stationary storage tank 1 is a standard insulated tank used for different C0 2 applica- 
tions. At different filling stations the tank size will vary form 12 to 50 m 3 depending on the 
gas turnover at the site. The storage tanks are filled from C0 2 trucks operated by a gas 
supplier. 

Inside the pressure/flow control column 30 the liquid C0 2 , during mobile tank filling is de- 
pressurized, phase separated and measured. The pressure inside the storage tank 1 is 
normally higher than what is the situation in the mobile tank. Therefore the pressure inside 
the column is reduced by using a back pressure regulator 18. The pressure reduction cau- 
ses the liquid C0 2 to flash, and it produces a mixture of liquid and vapor phase inside the 
column 30. The two phases are separated in a phase separator 20, and the liquid phase 
going to the mobile tank is measured. The vapor phase is released to the atmosphere. Al- 
ternatively, the vapor phase may be recompressed and liquefied and put back into the sto- 
rage tank 1 if it is economically practical to do so. 
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The phase separator 20 is placed at the upper end of the pressure/flow control column 30. 
On top of the separator the gas phase inside is through pipes and hoses connected to the 
gas phase of the mobile tank 2 to be filled. During filling operation the two tanks are also 
connected through the liquid phase. Since the phase separator 20 is located on a higher 
level than the mobile tank 2, the liquid in the phase separator will, due to gravity, flow into 
the tank. Gravity is the only driving force used to fill the mobile tank. This effect also guar- 
antees sub cooled liquid C0 2 at the bottom of the pressure/flow control column 30. This 
provides ideal conditions for flow measurements without using a density meter. 

Inside the dispenser cabinet 3 a flow measurement processor (not shown in the drawing) 
is located. This unit reads the signals from different transmitters in the measurement sys- 
tem (not shown) and calculates the actual flow delivered from the dispenser. The flow is 
presented on a display mounted on the dispenser cabinet 3. The processor also works as 
a programmable logic controller (PLC) that operates the different valves in the system dur- 
ing filling and communicates with the credit card reader system. 

The dispenser cabinet 3 is also equipped with necessary hoses 4, 8 and couplings respec- 
tively for evacuation of excess gas if necessary and filling of liquid C0 2 to the mobile tank. 
The coupling for connection of the hoses 4, 8 to the mobile tank is preferably but not nec- 
essary in the form of a two-port quick connector 5 (not shown in detail) that connects both 
the liquid 8 and gas hose 4 in one operation. The quick connector has shut off valves that 
close when uncoupled. It can be coupled and uncoupled even when pressurized. Alterna- 
tively the coupling may consist of separated hose connections. 

The shut off valves associated with the mobile tank can be operated by gas pressure from 
the dispenser. The valves therefore open automatically when the quick connector is con- 
nected. The operator does not have to operate any valves during filling. The filling hoses 
are equipped with breakaway couplings (not shown) to avoid major gas leakage if the ve- 
hicle with the mobile tank should be moved before the hoses are disconnected. 

Working principle in detail: 

The sequence for mobile tank filling starts when the truck driver uses his credit card in the 
card reader (not shown in the drawing). It should be understood that any appropriate credit 



4 

1/5/05, EAST Version: 2.0.1.4 



WO 03/056232 PCT/NO02/00493 

means or system such as automatic or manual cash payment can be utilized in accor- 
dance with the invention. By credit accept, the filling station is released for filling. 



Next step is that the operator connects the filling hoses 4 and 8 by disconnecting the quick 
connector 5 (not shown in further detail) from the resting position on the dispenser 3 and 
fitting it to the corresponding (male) connector 6 associated with the mobile tank (not 
shown). Immediately after the connector has been moved from its resting position, valve 7 
opens and gas being present in the gas evacuation hose 8 and connected piping 9 corre- 
sponding to pressure above 8 bars is released to the atmosphere. The pressure in the gas 
hose 8 will then be approximately 8 bars when it is connected to the truck as valve 10 on 
the piping 9 also functions as a check valve. 

As the connection is accomplished, gas at a pressure provided in the gas hose will pass 
through a valve 1 1 on the gas evacuation piping 12 on the mobile tank and pressurize the 
actuators of valves 14 and 13 provided on the liquid C0 2 filling piping 15 and gas evacua- 
tion piping 12 respectively. Both valves will open. If the pressure now stabilizes at 6 to 8 
bars, the system is ready to start filling. If the pressure drops, the mobile tank 2 must have 
been unpressurized, and need to be filled with gas phase. It should be understood that the 
pressure can be detected for instance by means of sensors (not shown). The filling of gas 
phase into the tank is automatically accomplished by opening of valve 10 on the piping 9 
and valve 16 on the piping 17 on the stationary filling station such that gas is transferred 
from the gas phase of the stationary tank 1 to the mobile tank 2 until sufficient pressure is 
reached. 

Alternatively, the valves 14 and 13 can be of a non-pneumatic design with built-in check 
valves incorporated in the filling connector. The valves open when connected with connec- 
tor 6 associated with the mobile tank 2. This action can be performed by mechanical 
means or the equivalent known by the person skilled in the art that manipulates the valves 
as the connectors are brought together. 

The operator must now press a "Start " button on the dispenser cabinet 3 if provided. Al- 
ternatively, the system can be adapted for automatic start of filling when sufficient pressure 
is reached or by other appropriate initial conditions achieved. Valves 10, 19 and 24 then 
opens. Liquid C0 2 is now fed from the stationary storage tank 1 into the phase separator 
20. Gaseous C0 2 is led from the separator 20 to the atmosphere through a muffler 21 via 

5 

1/5/05, EAST Version: 2.0.1.4 



WO 03/056232 PCT/NO02/00493 

t 

a back pressure regulator 18 and the valve 7. Liquid C0 2 is tilling the pressure/flow control 
column 30 and is further transported via liquid filling piping 22, the hose 4 and mobile filling 
piping 15 into the mobile tank 2. The measurement system provided in the dispenser cabi- 
net (not shown) starts reading. The gas phase in the mobile tank 2 that is displaced due to 
the filling of the liquid C0 2 flows through the gas evacuation hose 8 and is discharged to 
the atmosphere through the muffler 21 via the piping 9 and valves 1 8 and 7. 

This process will continue until the mobile tank is full. The tank is full when the liquid level 
in the tank exceeds the position of the end 23 of the gas evacuation pipe 12. The return 
gas form the tank will then contain liquid droplets which are detected by an overfill sensor 
(not shown) in the cabinet 3. The sensor provides signals to valves 7, 10, 19 and 24 to 
close the valves and filling is then stopped. The flow measurement reading then also au- 
tomatically stops, and a signal is sent to the display of the cabinet 3 informing the card 
reader of the quantity of gas filled into mobile tank 2. 

The operator will now disconnect the (female) filling connector 5 on the hoses 4, 8 from the 
truck and fit it into its resting position on the dispenser cabinet 3. The valves 13 and 14 
will then close within a few seconds. That happens because the gas operating the actua- 
tors will leak out from the system through a small hole (not shown) for instance drilled in. a 
non return sleeve in connector 6 (not shown). 

The hoses 4, 8 and the pipes 9 in the fill station are now partly filled with liquid C0 2 . This 
liquid will evaporate and cause the pressure in the system to rise. When the pressure ex- 
ceeds storage tank pressure the remaining liquid will be forced back to the tank through 
check valve 25 provided on the liquid filling pipe 22. This valve is located at the lowermost 
level in the piping system to make as much liquid as possible return to storage tank. 
Valves 10 and 19 are also functioning as check valves such that the hoses 4, 8 will be 
drained from liquid. When the system is drained the pressure in the pipes will be slightly 
higher than in the storage tank. . 

The system will be ready to start a new filling immediately after the former filling has been 
completed. It is not necessary to complete the draining of liquid to get ready for a new 
start. 
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It should be understood that the hoses 4 and 8 may be integrated into one flexible line, 
comprising twin hoses or coaxially arranged hoses. 



Further, in one embodiment a boost pump can be arranged in line 22 to speed up filling 
procedure if wanted. 

Figure 2 shows another embodiment of a filling station. As in the previous example, the fill- 
ing station includes three main components; a stationary storage tank for liquid C0 2 101 a 
pressure/flow control column 130 (phase separator 1 20), and dispenser cabinet 103. The- 
se main components are interconnected by means of liquid C0 2 piping 126 from the stora- 
ge tank 1 01 to the phase separator 1 20 with a branch pipe 1 22 to the dispenser. The gas 
phase circuit comprises branch pipe 109' to separator 120, being connected with branch 
1 1 7 to the storage tank 1 01 and one branch preferably comprising a muffler 1 21 . The sta- 
tionary system may further comprise valves and control regulators, card reader etc. similar 
to that described in the previous example. 

The main difference between this embodiment and the previous one is that here is applied 
only one liquid filling hose, i.e. there is not arranged any return hose for any gaseous 
phase from the mobile tank. Under filling operations of the mobile tank, mainly liquid 
phase cryogen enters the tank through fluid dispensing means 104 that can be a flexible 
hose. At the end of the fluid dispensing means there is arranged a connector 105 that 
matches connector 106 associated with the mobile tank 102. The filling operation can be 
started as soon as the connectors are brought together and the terms of payment ac- 
cepted. As soon as liquid cryogen starts to enter into the mobile tank 102, any gas flashed 
off can be evacuated through a muffler 110 controlled by check valves 108, 109 of appro- 
priate settings. These check valves shall ensure that on the one hand that there is main- 
tained a certain counter pressure in the filling operation and on the other hand that the 
pressure inside the tank will not exceed a certain level of security reasons. Inside the tank 
there may be arranged a level detecting system 123, such as a capacitor or droplet based 
system, to detect when the maximum filling level has been reached. The filling can then 
be stopped either by producing an audio-signal warning the operator or by any sort of 
communication between the detecting system 123 and the CPU controlling the system. 
The filling operation may be interrupted by sensing the counter pressure in the mobile tank 
as well, similar to existing system for fuel tanking. 
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1 . Method for distribution and sales of cryogenic fluids, in particular C0 2 , 
characterized in a system of automated filling stations for cryogenic flu- 
ids, the filling station for cryogenic fluids including at least a stationary storage 
tank (1) and dispenser (3) with at least one fluid dispensing means (4, 8) and a 
quick connector (5) for easy connection to a mobile tank (2) on a truck or the 
like. 

2. Method according to claim 1 , 

c h a r a c t e r i z e d in that the individual filling station for cryogenic fluid is ac- 
cessible by means of credit cards. 

3. Method according to claim 1 , 

c h a r a c t e r i z e d in that the cryogenic fluid is filled by means of gravity. 

4. Method according to claim 1 , 

characterized in that the fluid dispensing means comprise at least one 
flexible hose (4, 8). 

5. Method according to claim 1 , 

characterized in that the cryogenic fluid is separated into a liquid phase 
in a separator (20) before filling it into the mobile tank (2). 
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6. Filling station for the filling of fluids, in particular cryogenic refrigerants such as 
C0 2 , from a storage tank (1) to a mobile tank (2) for instance on a vehicle, the 
filling station including beyond the storage tank (1 ) and required piping, a dis- 
penser (3) with metering equipment for metering the fluid and at least one fluid 
dispensing means (4) with a connector for connection to the mobile tank to be 
filled, 

characterized in a pressure/flow control column (30) with a phase sepa- 
rator (20) provided between the stationary storage tank (1) and the dispenser 
(3). 

7. Filling station according to claim 6, 

c h a r a c t e r i z e d in that the phase separator (20) is provided on top of the 
pressure/flow control column (30) at a level above the top level of the mobile 
tank (2), whereby the transfer of fluid from the phase separator (20) to the mo- 
bile tank is accomplished by means of gravity. 

8. Filling station according to claim 7, 

characterized in that the fluid dispensing means comprises two flexible 
hoses (4, 6). 

9. Filling station according to claim 8, 

characterlz edin that the connection for connection of the hoses (4, 6) 
to the mobile tank (2) is in the form of a two-port one-piece quick connector. 

1 0. Filling station according to claim 6, 

c h a r a c t e r i z e d in that the fluid dispensing means (4, 8) are provided with 
break-away couplings. 

1 1 . Filling station according to claim 6, 

characterized in that, under the filling of the mobile tank, the liquid C0 2 
pressure in the control column (30) is reduced by means of a back pressure re- 
gulator (18). 
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12. Filling station according to claim 6, 

chara cterizedinthata muffler (21) is provided in the piping between 
the phase separator and the dispenser (3). 

13. Filling station according to claim 6, 

characterized in that the muffler (21) forms an integral part of the 
control column (30). 

14. Filling station according to claim 6, 

characterized in that the pressure in the gas hose (8) of the filling sta- 
tion accomplishes opening of actuators of valves (13, 14) on the pipes (12, 15) 
for filling of liquid and evacuation of gas from mobile tank, whereby the pressure 
in the mobile tank is automatically stabilized. 

15. Filling station according to claim 6, 

character! zed in that the valves (13, 14) on the pipes (12, 15) for filling 
of liquid and evacuation of gas from mobile tank are activated by the physical in- 
tegration of the connecting piece. 

1 6. Filling station according to claim 6, 

characterized in that the filling procedure is terminated by detection of 
liquid droplets in the mobile tank (2). 
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and the inventions defined by claims 3-5. However, all of said 
inventions could be searched without effort justifying an 
additional fee. 
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